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(57) ABSTRACT 

A QoS degradation point estimation device (S1) includes a 
flow set decision unit (3), a flow quality information collec 
tion unit (1), a path information collection unit (2), a flow link 
table management unit (4), and a QoS degradation point 
estimation unit (8). Before generating a flow link table which 
associates QoS of a flow going through a network with a link 
the flow passes through, the flow set decision unit (3) prefer 
entially selects a flow which passes through almost /2 of the 
total number of links of the network as a flow to be registered 
in the flow link table. The flow quality information collection 
unit (1) collects information of the QoS of the flow. The path 
information collection unit (2) collects path information of 
the network. The flow link table management unit (4) gener 
ates the flow link table based on the information of the QoS 
and the path information. The QoS degradation point estima 
tion unit (8) estimates a QoS degradation link based on the 
flow link table. 
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QOS DEGRADATION POINT ESTIMATION 
METHOD, QOS DEGRADATION POINT 
ESTIMATION DEVICE, AND PROGRAM 

TECHNICAL FIELD 

0001. The present invention relates to a communication 
network system and, more particularly, to a QoS (Quality of 
Service) degradation point estimation method, a QoS degra 
dation point estimation device, and a QoS degradation point 
estimation program for estimating a QoS degradation point. 

BACKGROUND ART 

0002 To quickly specify a point of QoS degradation in a 
communication network at the time of QoS degradation, a 
number of monitoring devices are arranged in the network to 
always monitor the QoS in their places. When QoS degrada 
tion has occurred, the section of the QoS degradation is esti 
mated based on the position of the monitoring device where 
the QoS degradation has occurred (e.g., Japanese Patent Laid 
Open No. 2002-271392). This method requires a number of 
monitoring devices to accurately estimate the QoS degrada 
tion point, and the arrangement cost is high. To solve this 
problem, a method has been proposed which estimates a QoS 
degradation point based on the QoS information and routing 
information of each communication flow that passes through 
a network (e.g., Japanese Patent Laid-Open No. 2006 
238052). 
0003. The QoS degradation point estimation method dis 
closed in Japanese Patent Laid-Open No. 2006-238052 will 
be described. First, a table (to be referred to as a flow link table 
hereinafter) is created, which associates a flow, links (directed 
links) the flow passes through, and QoS with each other. 
Assume that flows F1 to F5 go through a network including 
routers (or packet switches) R1 to R6 shown in FIG. 15. In the 
network illustrated in FIG. 15, each link is named as shown in 
FIG. 16. A packet loss rate is used to express QoS. The packet 
loss rates of the flows F1 to F5 are assumed to be 3.0%, 2.5%, 
3.5%, 1.0%, and 0.5%, respectively. In this case, a flow link 
table shown in FIG. 17 is created. Assume that each flow 
transmits 100 packets per second, and the packet loss rate is 
calculated based on the number of lost packets for every 0.2 
sec. A bit “1” in FIG. 17 indicates that a flow passes through 
a link. 

0004. The QoS degradation point estimation method next 
performs non-degraded link removal processing. More spe 
cifically, based on predetermined degradation threshold and 
non-degradation threshold of flow quality, each flow with 
quality poorer than the degradation threshold is defined as a 
degraded flow. Each flow with quality higher than the non 
degradation threshold is defined as a non-degraded flow. The 
remaining flows are defined as intermediate quality flows. A 
reduced flow link table is created by removing, from the flow 
link table, the rows of the intermediate quality flows, the rows 
of the non-degraded flows, and the columns of links the 
non-degraded flows pass through. 
0005 For example, the degradation threshold is set to 2% 
in terms of the packet loss rate, and the non-degradation 
threshold to 1%. In the example shown in FIG. 17, F1 to F3 
are degraded flows, F5 is a non-degraded flow, and F4 is an 
intermediate quality flow. The row of the intermediate quality 
flow F4, the row of the non-degraded flow F5, and the col 
umns of links L30 and L45 the non-degraded flow F5 passes 
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through are deleted from the flow link table shown in FIG. 17. 
as shown in FIG. 18, thereby creating a reduced flow link 
table shown in FIG. 19. 
0006 Finally, the QoS degradation point estimation 
method estimates a QoS degradation point based on the 
reduced flow link table in FIG. 19. In, e.g., an estimation 
method based on the number of QoS degradation flows, the 
numbers of degraded flows which pass through links L10, 
L20, L50, and L40 in FIG. 19 are 1, 3, 1, and 1, respectively. 
Hence, the link L20 through which a maximum number of 
flows pass is estimated as a QoS degradation point. 
0007. In a minimum link countestimation method, a set of 
flows that pass through the links L10, L20, L50, and L40 in 
FIG. 19 is considered. A set of a minimum number of links, 
which covers all flows in FIG. 19, is obtained as a degraded 
link set. More specifically, in the example shown in FIG. 19. 
the sets of flows passing through the links L10, L20, L50, and 
L40 are F1}, {F1.F2.F3}, {F2}, and F3}, respectively. A 
union of flows passing through, e.g., a link set {L10, L50. 
L40 including three links is F1.F2, F3} which covers all 
flows. A link set {L10, L20} including two links or a link set 
{L20 including one link can also cover all flows. Of the link 
sets that coverall flows, L20 including a minimum number 
of links is estimated as a minimum link set. 

DISCLOSURE OF INVENTION 

Problems to be Solved by the Invention 
0008. The QoS degradation point estimation method dis 
closed in Japanese Patent Laid-Open No. 2006-238052 esti 
mates a QoS degradation point using all flows going through 
the network or flows selected from all flows at random. When 
using all flows going through the network for QoS degrada 
tion point estimation, the number of rows (number of flows) 
of the flow link table is enormous, resulting in time-consum 
ing QoS degradation point estimation. Using flows selected 
from all flows at random for QoS degradation point estima 
tion makes QoS degradation point estimation inaccurate. 
0009. It is an object of the present invention to shorten the 
time required for QoS degradation point estimation and 
improve the QoS degradation point estimation accuracy. 

Means of Solution to the Problems 

0010 AQoS degradation pointestimation method accord 
ing to the present invention comprises the steps of before 
generating a flow link table which associates QoS of a flow 
going through a network with a link the flow passes through, 
preferentially selecting a flow which passes through almost /2 
of the total number of links of the network as a flow to be 
registered in the flow link table, generating the flow link table 
based on the QoS of the flow going through the network and 
path information of the network, and estimating a QoS deg 
radation link as a QoS degradation point on the network based 
on the flow link table. 
0011. A QoS degradation pointestimation method accord 
ing to the present invention comprises the steps of before 
generating a flow link table which associates QoS of a flow 
going through a network with a link the flow passes through, 
preferentially selecting a flow which passes through a large 
number of links as a flow to be registered in the flow link table, 
generating the flow link table based on the QoS of the flow 
going through the network and path information of the net 
work, and estimating a QoS degradation link as a QoS deg 
radation point on the network based on the flow link table. 
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0012. A QoS degradation pointestimation method accord 
ing to the present invention comprises the steps of before 
generating a flow link table which associates QoS of a flow 
going through a network with a link the flow passes through, 
preferentially selecting, out of a set of all flows transmissible/ 
receivable between two arbitrary terminals on the network, a 
flow pair including two flows whose number of incoinci 
dences of links to pass is almost /2 of the total number of links 
of the network as flows to be registered in the flow link table, 
generating the flow link table based on the QoS of the flow 
going through the network and path information of the net 
work, and estimating a QoS degradation link as a QoS deg 
radation point on the network based on the flow link table. 
0013 A QoS degradation pointestimation method accord 
ing to the present invention comprises the steps of before 
generating a flow link table which associates QoS of a flow 
going through a network with a link the flow passes through, 
preferentially selecting, as a flow to be registered in the flow 
link table, a flow out of a set of all flows transmissible/ 
receivable between two arbitrary terminals on the network so 
as to make a set of links through which at least one of the flows 
of the set passes larger, generating the flow link table based on 
the QoS of the flow going through the network and path 
information of the network, and estimating a QoS degrada 
tion link as a QoS degradation point on the network based on 
the flow link table. 

0014. A QoS degradation point estimation device accord 
ing to the present invention comprises flow set decision 
means for, before generating a flow link table which associ 
ates QoS of a flow going through a network with a link the 
flow passes through, preferentially selecting a flow which 
passes through almost /2 of the total number of links of the 
network as a flow to be registered in the flow link table, flow 
quality information collection means for collecting informa 
tion of the QoS of the flow going through the network, path 
information collection means for collecting path information 
of the network, flow link table generation means for generat 
ing the flow link table based on the collected information of 
the QoS and the path information, and estimation means for 
estimating a QoS degradation link as a QoS degradation point 
on the network based on the flow link table. 

0015. A QoS degradation point estimation device accord 
ing to the present invention comprises flow set decision 
means for, before generating a flow link table which associ 
ates QoS of a flow going through a network with a link the 
flow passes through, preferentially selecting a flow which 
passes through a large number of links as a flow to be regis 
tered in the flow link table, flow quality information collec 
tion means for collecting information of the QoS of the flow 
going through the network, path information collection 
means for collecting path information of the network, flow 
link table generation means for generating the flow link table 
based on the collected information of the QoS and the path 
information, and estimation means for estimating a QoS deg 
radation link as a QoS degradation point on the network based 
on the flow link table. 

0016 A QoS degradation point estimation device accord 
ing to the present invention comprises flow set decision 
means for, before generating a flow link table which associ 
ates QoS of a flow going through a network with a link the 
flow passes through, preferentially selecting, out of a set of all 
flows transmissible/receivable between two arbitrary termi 
nals on the network, a flow pair including two flows whose 
number of incoincidences of links to pass is almost /2 of the 
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total number of links of the network as flows to be registered 
in the flow link table, flow quality information collection 
means for collecting information of the QoS of the flow going 
through the network, path information collection means for 
collecting path information of the network, flow link table 
generation means for generating the flow link table based on 
the collected information of the QoS and the path informa 
tion, and estimation means for estimating a QoS degradation 
link as a QoS degradation point on the network based on the 
flow link table. 
0017. A QoS degradation point estimation device accord 
ing to the present invention comprises flow set decision 
means for, before generating a flow link table which associ 
ates QoS of a flow going through a network with a link the 
flow passes through, preferentially selecting, as a flow to be 
registered in the flow link table, a flow out of a set of all flows 
transmissible/receivable between two arbitrary terminals on 
the network So as to make a set of links through which at least 
one of the flows of the set passes larger, flow quality infor 
mation collection means for collecting information of the 
QoS of the flow going through the network, path information 
collection means for collecting path information of the net 
work, flow link table generation means for generating the 
flow link table based on the collected information of the QoS 
and the path information, and estimation means for estimat 
ing a QoS degradation link as a QoS degradation point on the 
network based on the flow link table. 

EFFECTS OF THE INVENTION 

0018. According to the present invention, a flow which 
passes through almost /2 of the total number of links of the 
network is preferentially selected as a flow to be registered in 
the flow link table. This reduces the number of rows (number 
offlows) of the flow link table. It is therefore possible to make 
the time required for QoS degradation point estimation 
shorter than before. It is also possible to minimize the number 
of links having the same vertical bit strings on the flow link 
table. This improves the QoS degradation point estimation 
accuracy. 
0019. According to the present invention, a flow which 
passes through a large number of links is preferentially 
selected as a flow to be registered in the flow link table. This 
reduces the number of rows (number offlows) of the flow link 
table. It is therefore possible to make the time required for 
QoS degradation point estimation shorter than before. It is 
also possible to minimize the number of links having the same 
vertical bit strings on the flow link table. This improves the 
QoS degradation point estimation accuracy. 
0020. According to the present invention, out of the set of 

all flows transmissible/receivable between two arbitrary ter 
minals on the network, a flow pair including two flows whose 
number of incoincidences of links to pass is almost /2 of the 
total number of links of the network is preferentially selected 
as flows to be registered in the flow link table. This reduces the 
number of rows (number of flows) of the flow link table. It is 
therefore possible to make the time required for QoS degra 
dation pointestimation shorter than before. It is also possible 
to minimize the number of links having the same vertical bit 
strings on the flow link table. This improves the QoS degra 
dation point estimation accuracy. 
0021. According to the present invention, out of the set of 

all flows transmissible/receivable between two arbitrary ter 
minals on the network, a flow is selected as a flow to be 
registered in the flow link table so as to make the set of links 
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through which at least one of the flows of the set passes larger. 
This reduces the number of rows (number of flows) of the 
flow link table. It is therefore possible to make the time 
required for QoS degradation point estimation shorter than 
before. It is also possible to minimize the number of links 
having the same vertical bit strings on the flow link table. This 
improves the QoS degradation point estimation accuracy. 
0022. In the present invention, a flow selected as a flow to 
be registered in the flow link table is decided as a test flow. 
When a terminal on the network is instructed to send the test 
flow to the network, the test flow passes through the terminals. 
Each terminal transmits the QoS information of the test flow 
to the QoS degradation point estimation device. As a result, a 
flow link table concerning flows currently being communi 
cated, including the test flows, is created. In the present inven 
tion, an optimum set of test flows to be made to flow inde 
pendently of communication of a network user can be decided 
for QoS degradation point estimation. According to the 
present invention, since it is possible to decide an optimum set 
of test flows, an optimum method of arranging terminals to 
pass the test flows on the network can also be decided. 

BRIEF DESCRIPTION OF DRAWINGS 

0023 FIG. 1 is a view showing an example of the arrange 
ment of a network according to the first exemplary embodi 
ment of the present invention; 
0024 FIG. 2 is a block diagram showing the internal 
arrangement of a QoS degradation point estimation device 
according to the first exemplary embodiment of the present 
invention; 
0025 FIG. 3 is a flowchart illustrating the operation of a 
flow set decision unit in the QoS degradation pointestimation 
device according to the first exemplary embodiment of the 
present invention; 
0026 FIG. 4 is a view showing an example of a whole flow 
link table according to the first exemplary embodiment of the 
present invention; 
0027 FIG. 5 is a flowchart illustrating the operation of a 
flow link table management unit in the QoS degradation point 
estimation device according to the first exemplary embodi 
ment of the present invention; 
0028 FIG. 6 is a view showing an example of a flow link 
table according to the first exemplary embodiment of the 
present invention; 
0029 FIG. 7 is a flowchart illustrating the operation of a 
non-degraded link removal unit in the QoS degradation point 
estimation device according to the first exemplary embodi 
ment of the present invention; 
0030 FIG. 8 is a view showing an example of a reduced 
flow link table according to the first exemplary embodiment 
of the present invention; 
0031 FIG. 9 is a flowchart illustrating the operation of a 
QoS degradation pointestimation unit in the QoS degradation 
point estimation device according to the first exemplary 
embodiment of the present invention; 
0032 FIG. 10 is a view showing an example of a flow link 
table so as to explain the effects of the first exemplary 
embodiment of the present invention; 
0033 FIG. 11 is a view showing an example of a reduced 
flow link table so as to explain the effects of the first exem 
plary embodiment of the present invention; 
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0034 FIG. 12 is a flowchart illustrating the operation of a 
flow set decision unit in a QoS degradation point estimation 
device according to the second exemplary embodiment of the 
present invention; 
0035 FIG. 13 is a flowchart illustrating the operation of a 
flow set decision unit in a QoS degradation point estimation 
device according to the third exemplary embodiment of the 
present invention; 
0036 FIG. 14 is a flowchart illustrating the operation of a 
flow set decision unit in a QoS degradation point estimation 
device according to the fourth exemplary embodiment of the 
present invention; 
0037 FIG. 15 is a view showing an example of the 
arrangement of a network and an example of flows going 
through the network associated with the present invention; 
0038 FIG. 16 is a view showing links of the network in 
FIG. 15: 
0039 FIG. 17 is a view showing an example of a flow link 
table; 
0040 FIG. 18 is a view showing non-degraded link 
removal processing of deleting, from the flow link table in 
FIG. 17, the rows of intermediate quality flows, the rows of 
non-degraded flows, and the columns of links the non-de 
graded flows pass through; and 
0041 FIG. 19 is a view showing an example of a reduced 
flow link table. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

First Exemplary Embodiment 

0042. The first exemplary embodiment of the present 
invention will now be described with reference to the accom 
panying drawings. FIG. 1 is a view showing an example of the 
arrangement of a network according to the first exemplary 
embodiment of the present invention. The network includes 
routers (or switches) R1 to RN. Test terminals A1 to AK for 
measuring quality and a QoS (Quality of Service) degrada 
tion point estimation device S1 are connected. In this exem 
plary embodiment, communication links among the routers 
R1 to RN are represented by L1 to LM, regarding opposite 
links between two routers as different links. 

0043. The test terminals A1 to AK have a function of 
measuring QoS, a function of notifying the QoS degradation 
point estimation device S1 of the information of the measured 
QoS, and a function of generating a test flow and sending it to 
the network in accordance with an instruction from the QoS 
degradation point estimation device S1. 
0044 FIG. 2 shows the internal arrangement of the QoS 
degradation point estimation device S1 according to the first 
exemplary embodiment of the present invention. The QoS 
degradation point estimation device S1 includes a flow qual 
ity information collection unit 1, a path information collec 
tion unit 2, a flow set decision unit 3, a flow link table man 
agement unit 4 serving as a flow link table generation means, 
a flow link table storage unit 5, a non-degraded link removal 
unit 6, a reduced flow link table storage unit 7, a QoS degra 
dation point estimation unit 8, and a display unit 9. The QoS 
degradation point estimation device S1 collects QoS infor 
mation of each flow from the test terminals A1 to AK, esti 
mates a QoS degradation point based on path information 
acquired from the routers R1 to RN, and outputs the estima 
tion result to the display unit 9. 
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0045. The operation of each constituent element of the 
QoS degradation point estimation device S1 will be explained 
below. When the test terminals A1 to AK start communica 
tion, the flow quality information collection unit 1 receives 
communication start notifications from them. After the start 
of communication, the flow quality information collection 
unit 1 periodically receives current QoS information (e.g., the 
address of a transmission terminal serving as a flow transmis 
sion Source, the address of a reception terminal serving as a 
flow destination, flow quality information, and flow rate) 
from the test terminals A1 to AK. Flow quality information is 
information about QoS Such as a packet loss rate, delay, and 
delay jitter. A flow rate is information of the number of pack 
ets per sec in a flow used for communication. When the test 
terminals A1 to AK finish the communication, the flow qual 
ity information collection unit 1 receives communication end 
notifications from them. 
0046. The path information collection unit 2 collects path 
information about routing from the routers (switches) R1 to 
RN. This information collection can be done using SMTP 
(Simple Network Management Protocol) or the like. Path 
information allows to decide, based on the address informa 
tion of transmission and reception terminals, the path to be 
used for communication between them. Path information col 
lected from a router more particularly includes the configu 
ration information of a routing table and an ARP (Address 
Resolution Protocol) table. Path information collected from a 
Switch more specifically includes the configuration informa 
tion of a forwarding database and a spanning tree. Note that a 
network administrator may give the path information, instead 
of collecting it from the routers (switches) R1 to RN. 
0047. The flow set decision unit 3 acquires, from the test 
terminals A1 to AK, information representing routers con 
nected to them. Based on this information and the path infor 
mation collected by the path information collection unit 2, the 
flow Set decision unit 3 decides terminals to pass a test flow in 
a way to be described below and instructs the test terminals 
A1 to AK to pass the test flow through the decided terminals. 
FIG. 3 is a flowchart illustrating the operation of the flow set 
decision unit 3. 
0048 First, the flow set decision unit 3 generates a flow 
link table concerning all flows between arbitrary two of the K 
test terminals A1 to AK by associating a flow, links the flow 
passes through, the address of a transmission terminal serving 
as a flow transmission Source, and the address of a reception 
terminal serving as a flow destination with each other (step 
S100 in FIG. 3). This flow link table will be referred to as a 
whole flow link table X. Distinguishing the flow transmission 
and reception directions, there can exist Kx(K-1) flows 
between arbitrary two of the K test terminals A1 to AK. 
Hence, the whole flow link table X is generated for Kx(K-1) 
flows. 

0049 FIG. 4 shows an example of the whole flow link 
table X. F1 in FIG. 4 represents a flow. In the example shown 
in FIG.4, all cells are blank. In the actual whole flow link table 
X, a bit “1” is set in a cell at the intersection between the row 
of a flow and the column of a link the flow passes through. 
0050. The whole flow link table X can be generated using 
the information acquired from the test terminals A1 to AK and 
representing routers of their connection destinations and the 
path information collected by the path information collection 
unit 2. The flow set decision unit 3 decides a set of test flows 
to be supplied for QoS measurement from the Kx(K-1) flows 
in the whole flow link table X in the following way. 
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0051. In this exemplary embodiment, a first flow set deci 
sion method is used as the flow set decision method. Using the 
first flow set decision method, the flow set decision unit 3 first 
calculates a value H that is /2 of the total number M of links 
(step S101). If the total number M of links is not exactly 
divisible by 2, M/2 is rounded into the integer value H by 
rounding up or dropping fractions below the decimal point of 
MA2. 
0.052 Next, the flow set decision unit 3 obtains, from the 
whole flow link table X, the number of links each flow passes 
through (step S102). The number of links to pass is obtained 
by counting bits “1” in each row of the whole flow link table 
X. The flow set decision unit 3 sorts the rows of the whole flow 
link table X by arranging the flows in ascending order of the 
absolute value of the difference between Hand the number of 
links to pass (step S103). If a plurality of flows pass through 
the same number of links, i.e., if a plurality of flows are 
identical in the absolute value of the difference between Hand 
the number of links to pass, these flows can be sorted in any 
order. 
0053. The flow set decision unit 3 decides, as a set of test 
flows, a predetermined number J of flows in the sorted whole 
flow link table X in descending order of priority order, i.e., in 
ascending order of the absolute value of the difference 
between H and the number of links to pass (step S104). 
Alternatively, the flow set decision unit 3 decides, as a set of 
test flows, flows whose absolute value between H and the 
number of links to pass is equal to or Smaller than a predeter 
mined threshold in the sorted whole flow link table X (step 
S104). 
0054 Finally, the flow set decision unit 3 instructs, out of 
the test terminals A1 to AK, the transmission and reception 
terminals of the decided test flows to send them (step S105). 
0055 Based on the QoS information collected by the flow 
quality information collection unit 1 and the path information 
collected by the path information collection unit 2, the flow 
link table management unit 4 generates a flow link table 
concerning flows currently being communicated by associat 
ing the transmission terminal addresses, the reception termi 
nal addresses, links to pass, flow qualities (e.g., packet loss 
rates), and flow rates. The flow link table storage unit 5 stores 
the flow link table. 

0056. This flow link table will be referred to as a flow link 
table Y. FIG. 5 is a flowchart illustrating the operation of the 
flow link table management unit 4. 
0057 The flow link table management unit 4 receives QoS 
information from the flow quality information collection unit 
1 (step S200 in FIG. 5) and path information from the path 
information collection unit 2 (step S201). The flow link table 
management unit 4 then acquires transmission terminal 
addresses, reception terminal addresses, flow qualities, and 
flow rates from the QoS information (step S202). Links each 
flow will pass through are decided based on the path infor 
mation and the transmission terminal address (step S203). 
The flow link table management unit 4 thus generates the flow 
link table Y (step S204) and registers it in the flow link table 
storage unit 5 (step S205). 
0058 FIG. 6 shows an example of the flow link table Y. A 
bit “1” is set in a cell at the intersection between the row of a 
flow and the column of a link the flow passes through, like the 
whole flow link table X. 
0059. With the above-described operation of the flow set 
decision unit 3, the test flows go through the test terminals A1 
to AK. The test terminals A1 to AK transmit the QoS infor 
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mation of the test flows to the QoS degradation point estima 
tion device S1. Hence, the flow link table Y is created con 
cerning flows currently being communicated, including the 
test flows. 
0060. The non-degraded link removal unit 6 periodically 
performs non-degraded link removal processing for the flow 
link table Y, thereby generating a reduced flow link table Z. 
The reduced flow link table storage unit 7 stores the reduced 
flow link table Z. FIG. 7 is a flowchart illustrating the opera 
tion of the non-degraded link removal unit 6. 
0061 The non-degraded link removal unit 6 periodically 
reads out the flow link table Y from the flow link table storage 
unit 5 and checks whether a degraded flow having quality 
poorer than a predetermined degradation threshold exists 
(step S300 in FIG. 7). If a degraded flow exists, the non 
degraded link removal unit 6 deletes, from the flow link table 
Y, the rows of non-degraded flows except the degraded flow 
and the columns of links the non-degraded flows pass 
through, and also the transmission terminal addresses, the 
reception terminal addresses, the flow qualities, and the flow 
rates. The non-degraded link removal unit 6 thus generates 
the reduced flow link table Z (step S301) and registers it in the 
reduced flow link table storage unit 7 (step S302). FIG. 8 
shows an example of the reduced flow link table Z. 
0062 FIG.9 is a flowchart illustrating the operation of the 
QoS degradation point estimation unit 8. The QoS degrada 
tion point estimation unit 8 reads out the reduced flow link 
table Z from the reduced flow link table storage unit 7 (step 
S400), estimates a QoS degradation point using a QoS deg 
radation flow count estimation method or a minimum link 
count estimation method (step S401), and displays the esti 
mated QoS degradation point on the display unit 9 (step 
S402). 
0063. As described with reference to FIG. 19, the QoS 
degradation flow count estimation method estimates, as a 
QoS degradation point, a link through which a maximum 
number of degraded flows pass out of the links registered in 
the reduced flow link table Z. 

0064. On the other hand, the minimum link count estima 
tion method estimates, as a QoS degradation point, a mini 
mum link set including a minimum number of links out of the 
link sets (combinations of links) which are registered in the 
reduced flow link table Z and cover all degraded flows. 
0065. The QoS degradation point estimation device S1 
thus causes the display unit 9 to display the link estimated as 
the QoS degradation point. 
0066. The effects of this exemplary embodiment will be 
explained next. In the QoS degradation point estimation 
method disclosed in Japanese Patent Laid-Open No. 2006 
238052, if the vertical bit strings set in the columns of links of 
the flow link table Y include one or more links having the 
same bit string, all these links are regarded as candidates for 
the QoS degradation point independently of which link has 
actual QoS degradation. Assume the flow link table Y shown 
in FIG. 10. In the flow link table Y, the links L2 and L4 have 
the same bit string. Hence, the reduced flow link table Z 
shown in FIG. 11 is generated even if only one of them has 
QoS degradation. In this case, the QoS degradation point 
estimation unit 8 determines both the links L2 and L4 as QoS 
degradation points using either the estimation method based 
on the number of QoS degradation flows or the minimum link 
countestimation method. As a result, one of the links without 
QoS degradation is erroneously determined as a QoS degra 
dation point, resulting in a poorer estimation accuracy. 
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0067. However, the flow set decision unit 3 of this exem 
plary embodiment selects a set of test flows so as to minimize 
the number of links having the same bit strings for a minimum 
number of flows. In the first flow set decision method of this 
exemplary embodiment, a flow whose number of bits (num 
ber of links to pass) set in a corresponding row of the whole 
flow link table X is almost /2 of the total number of links is 
preferentially decided as a test flow. 
0068. The reason why the first flow set decision method is 
used is as follows. Place focus on two rows (flows) of the 
whole flow link table X. If each row includes bits “1” at 
random, the number of rows including /2 bits “1” can be 
maximized. In addition, the average value of the probabilities 
that the bits of the two rows of interest are located at different 
positions is maximized. This phenomenon occurs as can be 
seen from the following. Let p is the probability that each 
column of the whole flow link tableX has a bit “1”. When two 
rows include an equal number of bits “1, the probability that 
the bits are different is given by px (1-p). This probability is 
maximized when p=/2. 
0069. According to the test flow set thus decided by the 
flow set decision unit 3, the number of rows (number of flows) 
of the flow link table Y can be reduced. It is therefore possible 
to shorten the time required for QoS degradation point esti 
mation as compared to the QoS degradation point estimation 
method disclosed in Japanese Patent Laid-Open No. 2006 
238052. It is also possible to minimize the number of links 
having the same vertical bit strings on the flow link table Y. 
This improves the QoS degradation point estimation accu 
racy. 

Second Exemplary Embodiment 

0070 The second exemplary embodiment of the present 
invention will be described next. The arrangement of a net 
work and a QoS degradation point estimation device S1 
according to this exemplary embodiment is the same as in the 
first exemplary embodiment and will be explained using the 
reference numerals in FIGS. 1 and 2. 
0071. Unlike the first exemplary embodiment, a flow set 
decision unit 3 uses a second flow set decision method as a 
flow set decision method. The second flow set decision 
method will be described below. 
0072 FIG. 12 is a flowchart illustrating the operation of 
the flow set decision unit 3 according to this exemplary 
embodiment. First, the flow set decision unit 3 of this exem 
plary embodiment generates a whole flow link table X as in 
step S100 (step S500), calculates a value H that is /2 of the 
total number M of links as in step S101 (step S501), and 
obtains, from the whole flow link table X, the number of links 
each flow passes through as in, step S102 (step S502). 
0073. The flow set decision unit 3 thensorts the rows of the 
whole flow link table Xby arranging the flows in descending 
order of the number of links to pass (step S503). If a plurality 
of flows pass through the same number of links, these flows 
can be sorted in any order. 
0074 The flow set decision unit 3 decides, as a set of test 
flows, a predetermined number J of flows in the sorted whole 
flow link table X in descending order of priority order, i.e., in 
ascending order of the number of links to pass (step S504). 
Alternatively, the flow set decision unit 3 decides, as a set of 
test flows, flows which pass through links in number equal to 
or larger than a predetermined threshold in the sorted whole 
flow link table X (step S504). 
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0075 Finally, the flow set decision unit 3 instructs, out of 
test terminals A1 to AK, the transmission and reception ter 
minals of the decided test flows to send them (step S505). The 
processing of the flow set decision unit 3 thus ends. 
0076. The operations of the remaining constituent ele 
ments of the QoS degradation point estimation device S1 are 
the same as in the first exemplary embodiment. 
0077. The second flow set decision method of the flow set 
decision unit 3 according to this exemplary embodiment is 
based on the same concept as that of the first flow set decision 
method. Considering network topology in general, a flow can 
pass only links much fewer than /2 of the total number M of 
links of the network at a high probability. Passing through 
almost /2 of the total number M of links is realistically syn 
onymous with passing through links as many as possible. 
Hence, the second flow set decision method of this exemplary 
embodiment enables to obtain the same effects as those of the 
first flow set decision method. 

Third Exemplary Embodiment 
0078. The third exemplary embodiment of the present 
invention will be described next. The arrangement of a net 
work and a QoS degradation point estimation device S1 
according to this exemplary embodiment is the same as in the 
first exemplary embodiment and will be explained using the 
reference numerals in FIGS. 1 and 2. 
0079 Unlike the first exemplary embodiment, a flow set 
decision unit 3 uses a third flow set decision method as a flow 
set decision method. The third flow set decision method will 
be described below. 
0080 FIG. 13 is a flowchart illustrating the operation of 
the flow set decision unit 3 according to this exemplary 
embodiment. First, the flow set decision unit 3 of this exem 
plary embodiment generates a whole flow link table X as in 
step S100 (step S600) and calculates a value H that is /2 of the 
total number Moflinks as in step S101 (step S601). Then, the 
flow set decision unit 3 defines a set U of all flows (rows) of 
the whole flow link table X and calculates the distance 
between two elements of the set U, assuming all possible 
combinations of elements (step S602). 
0081. As the distance between two elements of the set U, 
the Hamming distance between bit strings representing links 
to pass, i.e., the number of incoincidences of links to pass 
between two elements is used. Assume that a flow F1 passes 
throughlinks L1 and L3, and a flow F2 passes through the link 
L1 in the whole flow link table X. The link to pass having a bit 
incoincidence between the flows F1 and F2, i.e., two elements 
of the set U is L3. Hence, the distance between the flows F1 
and F2 is 1. Note that there are a total of Kx(K-1)x{Kx(K- 
1)-1} possible combinations of two elements of the set U. A 
set of elements whose inter-element distance is obtained in 
step S602 will be referred to as a pair hereinafter. 
0082 Next, the flow set decision unit 3 calculates the 
absolute value of the difference between H and the inter 
element distance for all pairs whose inter-element distances 
are obtained in step S602. The flow set decision unit 3 then 
sorts the rows of the whole flow link table X by arranging the 
pairs in ascending order of the absolute value of the difference 
between H and the inter-element distance (step S603). 
0083. The flow set decision unit 3 selects a predetermined 
number P of pairs from the start of the sorted whole flow link 
table Xin descending order of priority order, i.e., in ascending 
order of the absolute value of the difference between H and 
the inter-element distance (step S604). Alternatively, the flow 
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set decision unit 3 selects, from the pairs of the sorted whole 
flow link table X pairs, pairs whose absolute value between H 
and the inter-element distance is equal to or Smaller than a 
predetermined threshold (step S604). 
0084. The flow set decision unit 3 decides, as test flows, all 
flows included in at least one element of each pair of the pair 
set selected in step S604 (step S605). Finally, the flow set 
decision unit 3 instructs, out of test terminals A1 to AK, the 
transmission and reception terminals of the decided test flows 
to send them (step S606). The processing of the flow set 
decision unit 3 thus ends. 
I0085. The operations of the remaining constituent ele 
ments of the QoS degradation point estimation device S1 are 
the same as in the first exemplary embodiment. 
0086. The third flow set decision method of the flow set 
decision unit 3 according to this exemplary embodiment pro 
vides the following effects. 
I0087 Placing focus on two arbitrary rows of the whole 
flow link table X, the number of bit incoincidences of links to 
pass corresponds to the Hamming distance. Between two 
arbitrary flows, a link can have only four bit combinations 
(0,0), (0,1), (1,0), and (1,1). All links are classified into four 
types by the combinations of the manner the qualities of the 
two flows appear. 
I0088. When the two arbitrary flows include four links with 
bit combinations (0,0), (0,1), (1,0), and (1,1), the Hamming 
distance concerning the four links is 2. This is extended to all 
links. When the Hamming distance is /2 of the total number of 
links, all links are most uniformly identified as the four types. 
If the number of flows is k, the number of links identifiable by 
thek flows is maximized (i.e., the number of links having the 
same vertical bit strings can be minimized) when all flows 
uniformly identify the four types. 
I0089. Such a flow set enables to maximize the QoS deg 
radation point estimation accuracy using a minimum number 
of flows. 
0090. As described above, in this exemplary embodiment, 
flows that make the Hamming distance between them closer 
to /2 of the total number of links are selected. Hence, the QoS 
degradation point estimation accuracy can be expected to be 
maximized using a minimum number of flows. 

Fourth Exemplary Embodiment 
0091. The fourth exemplary embodiment of the present 
invention will be described next. The arrangement of a net 
work and a QoS degradation point estimation device S1 
according to this exemplary embodiment is the same as in the 
first exemplary embodiment and will be explained using the 
reference numerals in FIGS. 1 and 2. 
0092 Unlike the first exemplary embodiment, a flow set 
decision unit 3 uses a fourth flow set decision method as a 
flow set decision method. The fourth flow set decision method 
will be described below. 
0093 FIG. 14 is a flowchart illustrating the operation of 
the flow set decision unit 3 according to this exemplary 
embodiment. First, the flow set decision unit 3 of this exem 
plary embodiment generates a whole flow link table X as in 
step S100 (step S700). The flow set decision unit 3 then 
defines a set U of all flows (rows) of the whole flow link table 
X, a flow set S as an empty set, and T=0 (step S701). 
0094. Next, the flow set decision unit 3 checks whether T 

is equal to or larger than a predetermined value J, or U is an 
empty set (step S702). If any one of the conditions is satisfied, 
the processing in FIG. 14 ends. Otherwise, the process 
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advances to the next step (step S703). Using the whole flow 
link table X, the flow set decision unit 3 obtains the total 
number P of links through which at least one of the flows as 
the elements of S passes (step S703). The flow set decision 
unit 3 obtains a flow set S?h{r} by adding r to S for each of 
flows r as the elements of U, and obtains the total number P'(r) 
oflinks through which at least one of the flows as the elements 
of Sci) {r} passes (step S704). 
0095. The flow set decision unit 3 calculates the difference 
P'(r) P between P'(r) for each flow robtained in step S704 
and P obtained in step S703, preferentially selects flows in 
descending order of the difference, and adds them to S (step 
S705). The flow set decision unit 3 excludes the flows added 
to S in step S705 from U, adds the number of added flows to 
T, and returns to step S702 (step S706). Every time the pro 
cess in step S705 is performed, T monotonously increases, 
and the number of elements of Umonotonously decreases. At 
least one of the two conditions in step S702 is certainly 
satisfied sometime, and the flow set decision unit 3 stops its 
operation. 
0096. The operations of the remaining constituent ele 
ments of the QoS degradation point estimation device S1 are 
the same as in the first exemplary embodiment. 
0097. The fourth flow set decision method of the flow set 
decision unit 3 according to this exemplary embodiment pro 
vides the following effects. 
0.098 Place focus on each column of the whole flow link 
table X. If degradation occurs in a link no flow passes through, 
no flow is degraded. Since the occurrence itself of the QoS 
degradation is missed, the QoS degradation point estimation 
accuracy lowers. In this exemplary embodiment, when decid 
ing the flow set, flows are selected and added so as to mini 
mize the number of links no flow passes through. It can 
therefore be expected to minimize the possibility that occur 
rence of QoS degradation is missed and maximize the QoS 
degradation point estimation accuracy using a small number 
of flows. 
0099. The QoS degradation point estimation device S1 
according to each of the first to fourth exemplary embodi 
ments can be implemented by, e.g., a computer including a 
CPU, a storage device, and interfaces and a program to con 
trol these hardware resources. A QoS degradation point esti 
mation program to operate the computer is provided as a 
program recorded on a recording medium such as a flexible 
disk, CD-ROM, DVD-ROM, or memory card. The CPU 
writes the readout program in the storage device and executes 
the processing described in the first to fourth exemplary 
embodiments in accordance with the program. 

INDUSTRIAL APPLICABILITY 

0100. The present invention is applicable to a technique of 
estimating a QoS degradation point in a communication net 
work system. 

1. A QoS (Quality of Service) degradation pointestimation 
method comprising the steps of 

before generating a flow link table which associates QoS of 
a flow going through a network with a link the flow 
passes through, preferentially selecting a flow which 
passes through almost /2 of the total number of links of 
the network as a flow to be registered in the flow link 
table; 

generating the flow link table based on the QoS of the flow 
going through the network and path information of the 
network; and 
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estimating a QoS degradation link as a QoS degradation 
point on the network based on the flow link table. 

2. A QoS degradation point estimation method comprising 
the steps of: 

before generating a flow link table which associates QoS of 
a flow going through a network with a link the flow 
passes through, preferentially selecting a flow which 
passes through a large number of links as a flow to be 
registered in the flow link table; 

generating the flow link table based on the QoS of the flow 
going through the network and path information of the 
network; and 

estimating a QoS degradation link as a QoS degradation 
point on the network based on the flow link table. 

3. A QoS degradation point estimation method comprising 
the steps of: 

before generating a flow link table which associates QoS of 
a flow going through a network with a link the flow 
passes through, preferentially selecting, out of a set of all 
flows transmissible/receivable between two arbitrary 
terminals on the network, a flow pair including two flows 
whose number of incoincidences of links to pass is 
almost /2 of the total number of links of the network as 
flows to be registered in the flow link table: 

generating the flow link table based on the QoS of the flow 
going through the network and path information of the 
network; and 

estimating a QoS degradation link as a QoS degradation 
point on the network based on the flow link table. 

4. A QoS degradation point estimation method comprising 
the steps of: 

before generating a flow link table which associates QoS of 
a flow going through a network with a link the flow 
passes through, preferentially selecting, as a flow to be 
registered in the flow link table, a flow out of a set of all 
flows transmissible/receivable between two arbitrary 
terminals on the network so as to make a set of links 
through which at least one of the flows of the set passes 
larger, 

generating the flow link table based on the QoS of the flow 
going through the network and path information of the 
network; and 

estimating a QoS degradation link as a QoS degradation 
point on the network based on the flow link table. 

5. A QoS degradation point estimation method according 
to claim 1, wherein the step of selecting the flow comprises 
the steps of: 

setting the selected flow as a test flow; and 
instructing a terminal on the network to send the test flow 

to the network. 
6. A QoS degradation point estimation method according 

to claim 2, wherein the step of selecting the flow comprises 
the steps of: 

setting the selected flow as a test flow; and 
instructing a terminal on the network to send the test flow 

to the network. 
7. A QoS degradation point estimation method according 

to claim 3, wherein the step of selecting the flow comprises 
the steps of: 

setting the selected flow as a test flow; and 
instructing a terminal on the network to send the test flow 

to the network. 
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8. A QoS degradation point estimation method according 
to claim 4, wherein the step of selecting the flow comprises 
the steps of: 

setting the selected flow as a test flow; and 
instructing a terminal on the network to send the test flow 

to the network. 
9. A QoS degradation point estimation method according 

to claim 1, wherein the step of estimating the QoS degrada 
tion link comprises the steps of 

removing, from the flow link table, rows of non-degraded 
flows except a degraded flow whose quality is poorer 
than a predetermined degradation threshold and col 
umns of links the non-degraded flows pass through, 
thereby generating a reduced flow link table; and 

estimating the QoS degradation link based on the reduced 
flow link table. 

10. A QoS degradation point estimation method according 
to claim 2, wherein the step of estimating the QoS degrada 
tion link comprises the steps of 

removing, from the flow link table, rows of non-degraded 
flows except a degraded flow whose quality is poorer 
than a predetermined degradation threshold and col 
umns of links the non-degraded flows pass through, 
thereby generating a reduced flow link table; and 

estimating the QoS degradation link based on the reduced 
flow link table. 

11. A QoS degradation point estimation method according 
to claim 3, wherein the step of estimating the QoS degrada 
tion link comprises the steps of: 

removing, from the flow link table, rows of non-degraded 
flows except a degraded flow whose quality is poorer 
than a predetermined degradation threshold and col 
umns of links the non-degraded flows pass through, 
thereby generating a reduced flow link table; and 

estimating the QoS degradation link based on the reduced 
flow link table. 

12. A QoS degradation point estimation method according 
to claim 4, wherein the step of estimating the QoS degrada 
tion link comprises the steps of 

removing, from the flow link table, rows of non-degraded 
flows except a degraded flow whose quality is poorer 
than a predetermined degradation threshold and col 
umns of links the non-degraded flows pass through, 
thereby generating a reduced flow link table; and 

estimating the QoS degradation link based on the reduced 
flow link table. 

13. A QoS degradation point estimation method according 
to claim 9, wherein in the step of estimating the QoS degra 
dation link based on the reduced flow link table, out of links 
registered in the reduced flow link table, a link through which 
a maximum number of QoS degradation flows pass is esti 
mated as the QoS degradation link. 

14. A QoS degradation point estimation method according 
to claim 10, wherein in the step of estimating the QoS degra 
dation link based on the reduced flow link table, out of links 
registered in the reduced flow link table, a link through which 
a maximum number of QoS degradation flows pass is esti 
mated as the QoS degradation link. 

15. A QoS degradation point estimation method according 
to claim 11, wherein in the step of estimating the QoS degra 
dation link based on the reduced flow link table, out of links 
registered in the reduced flow link table, a link through which 
a maximum number of QoS degradation flows pass is esti 
mated as the QoS degradation link. 
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16. A QoS degradation point estimation method according 
to claim 12, wherein in the step of estimating the QoS degra 
dation link based on the reduced flow link table, out of links 
registered in the reduced flow link table, a link through which 
a maximum number of QoS degradation flows pass is esti 
mated as the QoS degradation link. 

17. A QoS degradation point estimation method according 
to claim 9, wherein in the step of estimating the QoS degra 
dation link based on the reduced flow link table, out of link 
sets each covering all QoS degradation flows registered in the 
reduced flow link table, a minimum link set having a mini 
mum number of links is estimated as the QoS degradation 
link. 

18. A QoS degradation point estimation method according 
to claim 10, wherein in the step of estimating the QoS degra 
dation link based on the reduced flow link table, out of link 
sets each covering all QoS degradation flows registered in the 
reduced flow link table, a minimum link set having a mini 
mum number of links is estimated as the QoS degradation 
link. 

19. A QoS degradation point estimation method according 
to claim 11, wherein in the step of estimating the QoS degra 
dation link based on the reduced flow link table, out of link 
sets each covering all QoS degradation flows registered in the 
reduced flow link table, a minimum link set having a mini 
mum number of links is estimated as the QoS degradation 
link. 

20. A QoS degradation point estimation method according 
to claim 12, wherein in the step of estimating the QoS degra 
dation link based on the reduced flow link table, out of link 
sets each covering all QoS degradation flows registered in the 
reduced flow link table, a minimum link set having a mini 
mum number of links is estimated as the QoS degradation 
link. 

21. A QoS degradation point estimation device compris 
1ng: 

a flow set decision unit which, before generating a flow link 
table which associates QoS of a flow going through a 
network with a link the flow passes through, preferen 
tially selects a flow which passes through almost /2 of 
the total number of links of the network as a flow to be 
registered in the flow link table; 

a flow quality information collection unit which collects 
information of the QoS of the flow going through the 
network; 

a path information collection unit which collects path 
information of the network; 

a flow link table generation unit which generates the flow 
link table based on the collected information of the QoS 
and the path information; and 

an estimation unit which estimates a QoS degradation link 
as a QoS degradation point on the network based on the 
flow link table. 

22. A QoS degradation point estimation device compris 
ing: 

a flow set decision unit which, before generating a flow link 
table which associates QoS of a flow going through a 
network with a link the flow passes through, preferen 
tially selects a flow which passes through a large number 
of links as a flow to be registered in the flow link table; 

a flow quality information collection unit which collects 
information of the QoS of the flow going through the 
network; 
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a path information collection unit which collects path 
information of the network; 

a flow link table generation unit which generates the flow 
link table based on the collected information of the QoS 
and the path information; and 

an estimation unit which estimates a QoS degradation link 
as a QoS degradation point on the network based on the 
flow link table. 

23. A QoS degradation point estimation device compris 
1ng: 

a flow set decision unit which, before generating a flow link 
table which associates QoS of a flow going through a 
network with a link the flow passes through, preferen 
tially selects, out of a set of all flows transmissible/ 
receivable between two arbitrary terminals on the net 
work, a flow pair including two flows whose number of 
incoincidences of links to pass is almost /2 of the total 
number of links of the network as flows to be registered 
in the flow link table; 

a flow quality information collection unit which collects 
information of the QoS of the flow going through the 
network; 

a path information collection unit which collects path 
information of the network; 

a flow link table generation unit which generates the flow 
link table based on the collected information of the QoS 
and the path information; and 

an estimation unit which estimates a QoS degradation link 
as a QoS degradation point on the network based on the 
flow link table. 

24. A QoS degradation point estimation device compris 
1ng: 

a flow set decision unit which, before generating a flow link 
table which associates QoS of a flow going through a 
network with a link the flow passes through, preferen 
tially selects, as a flow to be registered in the flow link 
table, a flow out of a set of all flows transmissible/ 
receivable between two arbitrary terminals on the net 
work so as to make a set of links through which at least 
one of the flows of the set passes larger, 

a flow quality information collection unit which collects 
information of the QoS of the flow going through the 
network; 

a path information collection unit which collects path 
information of the network; 

a flow link table generation unit which generates the flow 
link table based on the collected information of the QoS 
and the path information; and 

an estimation unit which estimates a QoS degradation link 
as a QoS degradation point on the network based on the 
flow link table. 

25. A QoS degradation point estimation device according 
to claim 21, wherein said flow set decision unit comprises: 

a unit which sets the selected flow as a test flow; and 
a unit which instructs a terminal on the network to send the 

test flow to the network. 
26. A QoS degradation point estimation device according 

to claim 22, wherein said flow set decision unit comprises: 
a unit which sets the selected flow as a test flow; and 
a unit which instructs a terminal on the network to send the 

test flow to the network. 
27. A QoS degradation point estimation device according 

to claim 23, wherein said flow set decision unit comprises: 
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a unit which sets the selected flow as a test flow; and 
to a unit which instructs a terminal on the network to send 

the test flow to the network. 
28. A QoS degradation point estimation device according 

to claim 24, wherein said flow set decision unit comprises: 
a unit which sets the selected flow as a test flow; and 
a unit which instructs a terminal on the network to send the 

test flow to the network. 
29. A QoS degradation point estimation device according 

to claim 21, wherein said estimation unit comprises: 
a non-degraded link removal unit which removes, from the 

flow link table, rows of non-degraded flows except a 
degraded flow whose quality is poorer than a predeter 
mined degradation threshold and columns of links the 
non-degraded flows pass through, thereby generating a 
reduced flow link table; and 

a QoS degradation point estimation unit which estimates 
the QoS degradation link based on the reduced flow link 
table. 

30. A QoS degradation point estimation device according 
to claim 22, wherein said estimation unit comprises: 

a non-degraded link removal unit which removes, from the 
flow link table, rows of non-degraded flows except a 
degraded flow whose quality is poorer than a predeter 
mined degradation threshold and columns of links the 
non-degraded flows pass through, thereby generating a 
reduced flow link table; and 

a QoS degradation point estimation unit which estimates 
the QoS degradation link based on the reduced flow link 
table. 

31. A QoS degradation point estimation device according 
to claim 23, wherein said estimation unit comprises: 

a non-degraded link removal unit which removes, from the 
flow link table, rows of non-degraded flows except a 
degraded flow whose quality is poorer than a predeter 
mined degradation threshold and columns of links the 
non-degraded flows pass through, thereby generating a 
reduced flow link table; and 

a QoS degradation point estimation unit which estimates 
the QoS degradation link based on the reduced flow link 
table. 

32. A QoS degradation point estimation device according 
to claim 24, wherein said estimation unit comprises: 

a non-degraded link removal unit which removes, from the 
flow link table, rows of non-degraded flows except a 
degraded flow whose quality is poorer than a predeter 
mined degradation threshold and columns of links the 
non-degraded flows pass through, thereby generating a 
reduced flow link table; and 

a QoS degradation point estimation unit which estimates 
the QoS degradation link based on the reduced flow link 
table. 

33. A QoS degradation point 
estimation device according to claim 29, wherein said QoS 

degradation point estimation unit estimates, out of links 
registered in the reduced flow link table, a link through 
which a maximum number of QoS degradation flows 
pass as the QoS degradation link. 

34. A QoS degradation point estimation device according 
to claim 30, wherein said QoS degradation point estimation 
unit estimates, out of links registered in the reduced flow link 
table, a link through which a maximum number of QoS deg 
radation flows pass as the QoS degradation link. 



US 2010/01 18718A1 

35. A QoS degradation point estimation device according 
to claim 31, wherein said QoS degradation point estimation 
unit estimates, out of links registered in the reduced flow link 
table, a link through which a maximum number of QoS deg 
radation flows pass as the QoS degradation link. 

36. A QoS degradation point estimation device according 
to claim 32, wherein said QoS degradation point estimation 
unit estimates, out of links registered in the reduced flow link 
table, a link through which a maximum number of QoS deg 
radation flows pass as the QoS degradation link. 

37. A QoS degradation point estimation device according 
to claim 29, wherein said QoS degradation point estimation 
unit estimates, out of link sets each covering all QoS degra 
dation flows registered in the reduced flow link table, a mini 
mum link set having a minimum number of links as the QoS 
degradation link. 

38. A QoS degradation point estimation device according 
to claim 30, wherein said QoS degradation point estimation 
unit estimates, out of link sets each covering all QoS degra 
dation flows registered in the reduced flow link table, a mini 
mum link set having a minimum number of links as the QoS 
degradation link. 

39. A QoS degradation point estimation device according 
to claim 31, wherein said QoS degradation point estimation 
unit estimates, out of link sets each covering all QoS degra 
dation flows registered in the reduced flow link table, a mini 
mum link set having a minimum number of links as the QoS 
degradation link. 

40. A QoS degradation point estimation device according 
to claim 32, wherein said QoS degradation point estimation 
unit estimates, out of link sets each covering all QoS degra 
dation flows registered in the reduced flow link table, a mini 
mum link set having a minimum number of links as the QoS 
degradation link. 

41. A computer-readable recording medium recording a 
QoS degradation point estimation program which causes a 
computer operating as a QoS degradation point estimation 
device on a network to execute the steps of: 

before generating a flow link table which associates QoS of 
a flow going through a network with a link the flow 
passes through, preferentially selecting a flow which 
passes through almost /2 of the total number of links of 
the network as a flow to be registered in the flow link 
table; 

generating the flow link table based on the QoS of the flow 
going through the network and path information of the 
network; and 

estimating a QoS degradation link as a QoS degradation 
point on the network based on the flow link table. 

42. A computer-readable recording medium recording a 
QoS degradation point estimation program which causes a 
computer operating as a QoS degradation point estimation 
device on a network to execute the steps of: 

before generating a flow link table which associates QoS of 
a flow going through a network with a link the flow 
passes through, preferentially selecting a flow which 
passes through a large number of links as a flow to be 
registered in the flow link table; 

generating the flow link table based on the QoS of the flow 
going through the network and path information of the 
network; and 

estimating a QoS degradation link as a QoS degradation 
point on the network based on the flow link table. 
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43. A computer-readable recording medium recording a 
QoS degradation point estimation program which causes a 
computer operating as a QoS degradation point estimation 
device on a network to execute the steps of: 

before generating a flow link table which associates QoS of 
a flow going through a network with a link the flow 
passes through, preferentially selecting, out of a set of all 
flows transmissible/receivable between two arbitrary 
terminals on the network, a flow pair including two flows 
whose number of incoincidences of links to pass is 
almost /2 of the total number of links of the network as 
flows to be registered in the flow link table: 

generating the flow link table based on the QoS of the flow 
going through the network and path information of the 
network; and 

estimating a QoS degradation link as a QoS degradation 
point on the network based on the flow link table. 

44. A computer-readable recording medium recording a 
QoS degradation point estimation program which causes a 
computer operating as a QoS degradation point estimation 
device on a network to execute the steps of: 

before generating a flow link table which associates QoS of 
a flow going through a network with a link the flow 
passes through, preferentially selecting, as a flow to be 
registered in the flow link table, a flow out of a set of all 
flows transmissible/receivable between two arbitrary 
terminals on the network so as to make a set of links 
through which at least one of the flows of the set passes 
larger, 

generating the flow link table based on the QoS of the flow 
going through the network and path information of the 
network; and 

estimating a QoS degradation link as a QoS degradation 
point on the network based on the flow link table. 

45. A QoS degradation point estimation device compris 
1ng: 

flow set decision means for, before generating a flow link 
table which associates QoS of a flow going through a 
network with a link the flow passes through, preferen 
tially selecting a flow which passes through almost /2 of 
the total number of links of the network as a flow to be 
registered in the flow link table; 

flow quality information collection means for collecting 
information of the QoS of the flow going through the 
network; 

path information collection means for collecting path 
information of the network; 

flow link table generation means for generating the flow 
link table based on the collected information of the QoS 
and the path information; and 

estimation means for estimating a QoS degradation link as 
a QoS degradation point on the network based on the 
flow link table. 

46. A QoS degradation point estimation device compris 
1ng: 

flow set decision means for, before generating a flow link 
table which associates QoS of a flow going through a 
network with a link the flow passes through, preferen 
tially selecting a flow which passes through a large num 
ber of links as a flow to be registered in the flow link 
table; 

flow quality information collection means for collecting 
information of the QoS of the flow going through the 
network; 
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path information collection means for collecting path 
information of the network; 

flow link table generation means for generating the flow 
link table based on the collected information of the QoS 
and the path information; and 

estimation means for estimating a QoS degradation link as 
a QoS degradation point on the network based on the 
flow link table. 

47. A QoS degradation point estimation device compris 
1ng: 

flow set decision means for, before generating a flow link 
table which associates QoS of a flow going through a 
network with a link the flow passes through, preferen 
tially selecting, out of a set of all flows transmissible/ 
receivable between two arbitrary terminals on the net 
work, a flow pair including two flows whose number of 
incoincidences of links to pass is almost /2 of the total 
number of links of the network as flows to be registered 
in the flow link table; 

flow quality information collection means for collecting 
information of the QoS of the flow going through the 
network; 

path information collection means for collecting path 
information of the network; 

flow link table generation means for generating the flow 
link table based on the collected information of the QoS 
and the path information; and 
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estimation means for estimating a QoS degradation link as 
a QoS degradation point on the network based on the 
flow link table. 

48. A QoS degradation point estimation device compris 
ing: 

flow set decision means for, before generating a flow link 
table which associates QoS of a flow going through a 
network with a link the flow passes through, preferen 
tially selecting, as a flow to be registered in the flow link 
table, a flow out of a set of all flows transmissible/ 
receivable between two arbitrary terminals on the net 
work so as to make a set of links through which at least 
one of the flows of the set passes larger, 

flow quality information collection means for collecting 
information of the QoS of the flow going through the 
network; 

path information collection means for collecting path 
information of the network; 

flow link table generation means for generating the flow 
link table based on the collected information of the QoS 
and the path information; and 

estimation means for estimating a QoS degradation link as 
a QoS degradation point on the network based on the 
flow link table. 


